The family Rhodobacteraceae (Garrity et al., 2005) , which belongs to the class Alphaproteobacteria, contains approximately 90 recognized genera (type genus, Rhodobacter) at the time of writing. Most of the species within the family originated from marine environments. Members of the family Rhodobacteraceae are metabolically and physiologically diverse and occupy a wide range of niches in various habitats, such as seawater, saline, sediments, sea ice, microbial mats, seaweeds and marine animal tissues. Several genera, including Maribius (Choi et al., 2007), Marivita (Hwang et al., 2009 ), Mameliella (Wang et al., 2010, Roseovarius (Zheng et al., 2010) and Hwanglaeicola (Kim et al., 2010), have been described in the last 4 years. In this study, a novel and slightly halophilic strain, designated KAUST-100406-0324 T , was isolated from the sediment near a deep-sea brine pool in the Red Sea and characterized using a polyphasic approach. The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain KAUST100406-0324 T is JF776971.
The family Rhodobacteraceae (Garrity et al., 2005) , which belongs to the class Alphaproteobacteria, contains approximately 90 recognized genera (type genus, Rhodobacter) at the time of writing. Most of the species within the family originated from marine environments. Members of the family Rhodobacteraceae are metabolically and physiologically diverse and occupy a wide range of niches in various habitats, such as seawater, saline, sediments, sea ice, microbial mats, seaweeds and marine animal tissues. Several genera, including Maribius (Choi et al., 2007) , Marivita (Hwang et al., 2009) , Mameliella (Wang et al., 2010) , Roseovarius (Zheng et al., 2010) and Hwanglaeicola (Kim et al., 2010) , have been described in the last 4 years. In this study, a novel and slightly halophilic strain, designated KAUST-100406-0324 T , was isolated from the sediment near a deep-sea brine pool in the Red Sea and characterized using a polyphasic approach.
In a study investigating bacterial diversity and resources in saline and sediment of the Discovery Deep (21 u 16.9769 N, 38 u 02.9859 E) in the Red Sea in April, 2010, strain KAUST100406-0324 T was isolated by a standard dilutionplating technique. Bacteria in the sediment (at a depth of 1900 m) collected by multicore sampler were released by vigorous shaking in autoclaved filtered seawater and inoculated in a serial dilution on 1.5 % agar composed of 10 g starch and 2 g yeast extract dissolved in 1 l filtered seawater. Inoculated plates were incubated at room temperature (25 u C) until single colonies were observed. Through repeatedly streaking on marine agar 2216 (MA; Difco) with incubation at room temperature, a mature colony of strain KAUST100406-0324 T was isolated. A pure colony of the strain was grown in marine broth 2216 (MB; Difco) at room temperature until reaching the stationary phase. The bacterial culture was then stored at 280 u C with 30 % (v/v) glycerol. Unless otherwise specified, all characteristics described hereafter were based on cultures incubated on MA or in MB for 14 days at room temperature. Maribius pelagius JCM 14009
T and Maribius salinus JCM 13037 T were obtained from the Japan Collection of Microorganisms (JCM) while Hwanghaeicola aestuarii DSM 22009 T was obtained from the German Collection of Microorganisms and Cell Cultures (DSMZ). These strains were cultured under the same conditions as strain KAUST100406-0324 T for comparison.
Phenotypic characteristics of strain KAUST100406-0324 T including growth, physiological and biochemical properties were tested as follows. Cell morphology and motility were observed using light microscopy (model BH 2; Olympus) and scanning electron microscopy (S-4800 UHR FE-SEM, Hitachi). Gram staining was performed according to the protocol of Collins et al. (1989) . Gliding and swimming motility was observed under a phase-contrast light microscope (Olympus BX51; 6100 magnification) after growing the isolate on MB solidified with 0.4 % agar (Bowman, 2000) . Accumulation of poly-b-hydroxybutyrate (PHB) granules was determined by Nile blue A staining (Ostle & Holt, 1982) . Growth at various temperatures (4-52 u C) and pH values (pH 5.0-10.0 by adjusting with 1 M HCl or NaOH and measured again after autoclaving) was observed up to 60 days of incubation. The requirement and tolerance of NaCl were tested on a broth medium containing 1 ml of (per litre): 5.9 g MgCl 2 , 3.24 g Na 2 SO 4 , 1.8 g CaCl 2 , 0.55 g KCl, 5.0 g peptone, 0.1 g ferric citrate and 1.0 g yeast extract (pH 7.6) and supplemented with appropriately diluted 32 % NaCl solution to prepared media with different NaCl concentrations [0 %, 0.5 % and 1-28 % (w/v) NaCl at intervals of 1 %] (ZoBell, 1941) . The requirement of oxygen for growth was examined by using the Oxoid anaerobic system on YP-SW agar (Lau et al., 2005) . Sensitivity to kanamycin (30 mg), gentamicin (10 mg), ciprofloxacin (5 mg), cloxacillin (1 mg), spectinomycin (100 mg), nalidixic acid (30 mg), tetracycline (30 mg), ampicillin (30 mg), chloramphenicol (30 mg), streptomycin (30 mg) and penicillin (20 IU) were tested by using the disc method described by Acar (1980) . Catalase and oxidase activities were performed as described by Chen et al. (2007) . Methyl red reaction and measurement of the hydrolysis of DNA, Tween 80, starch, casein and gelatin were performed according to the protocol of Smibert & Krieg (1994) . Other enzyme activities, nitrate reduction and production of H 2 S, indole and acetoin (but not substrate utilization as the strain grew slowly) were tested using the commercial systems API 20E, API 20NE and API ZYM (bioMerieux) according to the manufacturer's instructions with supplementation with 2.2 % salt in suspensions (MacDonell et al., 1982) . Growth 
L-serine and Larginine as sole carbon source was also tested using a modified medium containing 0.2 g NaNO 3 , 0.2 g NH 4 Cl, 0.02 g yeast extract and 0.1 % (w/v) carbon source in 1 l artificial seawater (Nedashkovskaya et al., 2003) .
As strain KAUST100406-0324 T grew very slowly, tiny and transparent mature colonies (about 0.1-0.3 mm in diameter) were only observed on MA after incubation at 25 u C for more than 14 days. Cells of the strain were Gramnegative and coccus-shaped (5.0-8.0 mm) (see Supplementary Fig. S1 available at IJSEM online). No growth was observed in the absence of NaCl. Growth occurred only at 0.5-24.0 % NaCl (w/v) (optimum at 2.0-6.0 %), which suggested the strain was halotolerant but only slightly halophilic. Accumulation of PHB granules was not detected. The strain grew only at a narrow range of physiological condition with temperature of 15-25 u C and pH of 6.0-8.5. The optimal condition for growth was 20-25 u C and pH 7.0-8.0. Also, the strain had a limited ability to utilize carbon sources and was inhibited by glucose at 0.05 % (w/v) concentration or above. Other phenotypic characteristics that differentiated the strain from strains of closely related genera and species are summarized in the species description and Table 1 .
Genomic DNA was extracted from the cells using the TaKaRa MiniBEST Bacterial Genomic DNA Extraction kit (TaKaRa, China). The 16S rRNA gene of KAUST100406-0324 T was amplified by a pair of primers of 8F (59-AGAGTTTGATCCTGGCTCAG-39) and 1525R (59-AAG-GAGTGWTCCARCC-39) (Shrout et al., 2005) with Vent DNA polymerase (NEB) and sequenced using an Applied Biosystems 3100 automated DNA sequencer as previously described (Lau et al., 2005) . The resulting 16S rRNA gene sequence was compared with sequences in EzTaxon to locate the approximate phylogenetic affiliation. Phylogentic analysis was performed with the ARB software package (Ludwig et al., 2004) . genera Hwanghaeicola, Planktotalea, Marivita and Maribius, respectively. Although being distantly related to all existing genera of the family Rhodobacteraceae, the 16S rRNA sequence of the novel strain formed a monophyletic cluster with the sequence from genera Maribius and Hwanghaeicola in the neighbour-joining tree (Fig. 1) . Similar tree topologies of the cluster relating the novel strain and the species of the genera Maribius and Hwanghaeicola were also found in the trees constructed by maximum-likelihood and maximum-parsimony algorithms (Fig. 1) . The DNA G+C content of strain KAUST100406-0324 T , which was determined by using the HPLC method (Mesbah et al., 1989) , was 64.0 mol%.
To investigate cellular fatty acid composition, cells of KAUST100406-0324
T were grown in MB in flasks on a rotary shaker (220 r.p.m.) at 25 u C for 14 days (3 days for other reference strains) and then fatty acids were extracted from 40 mg (wet weight) of cells and methylated (Kuykendall et al., 1988) . Methylated fatty acids (FAME) composition were determined by the MIDI Sherlock Microbial Identification System (Microbial ID, Sherlock version 6.1, TSBA6 database) as described by Sasser (1990) . The cellular fatty acids of KAUST100406-0324 T contained a large proportion of unsaturated fatty acids C 18 : 1 v6c and/ or C 18 : 1 v7c, C 18 : 1 v7c 11-methyl, C 16 : 1 v7c and/or C 16 : 1 v6c. Although the novel strains and the reference strains in genera Hwanghaeicola and Maribius shared the dominant fatty acids of C 18 : 1 v6c and/or C 18 : 1 v7c and C 18 : 1 v7c 11-methyl, the amount of C 18 : 1 v7c and/or C 18 : 1 v6c in KAUST100406-0324 T was significantly higher while that of C 16 : 0 and C 18 : 0 was notably lower when compared with the reference strains. Also, C 16 : 1 v7c and/or C 16 : 1 v6c, C 19 : 0 and C 12 : 0 3-OH were uniquely present in KAUST100406-0324 T but absent from the members of the closely related genera. Furthermore, KAUST100406-0324 T did not have the fatty acids C 19 : 0 cyclo v8c, which has been detected in both Hwanghaeicola and Maribius, C 12 : 0 , which was only detected in the genus Maribius , and C 17 : 0 and C 16 : 1 iso I and/or C 14 : 0 3-OH, that were only detected in the genus Hwanghaeicola. Therefore, the results of fatty acid analysis showed that the major cellular fatty acids in KAUST100406-0324
T were similar to those in members of the closely related genera Hwanghaeicola and Maribius, yet notable differences in certain fatty acids were also observed. Differences in major fatty acid composition compared with other genera are listed in Table 1 while detailed cellular fatty acid composition are shown in Table 2 . Polar lipids were extracted and analysed on silica gel plates (Kieselgel 60 F; Merck) by two-dimensional TLC with various staining reagents (Kates, 1986) . The major polar lipids were phosphatidylglycerol and phospatidylethanolamine and two minor unidentified phosolipids (Fig. S2 ) Respiratory lipoquinone, which was analysed by using HPLC (Collins, 1985) and compared with reference standards from Sigma-Aldrich, was ubiquinone-10 (Q-10).
In conclusion, the phylogenetic, physiological and biochemical characteristics of KAUST100406-0324 T presented in this study suggested that this strain represented a novel species from a
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new genus within the family Rhodobacteraceae, for which the name of Profundibacterium mesophilum sp. nov. was proposed.
Description of Profundibacterium gen. nov.
Profundibacterium (Pro.fun.di.bac.te9ri.um. L. n. profundum the depths of the sea; L. n. bacterium staff, rod and, in biology, a bacterium; N.L. neut. n. Profundibacterium a bacterium from the depths of the sea).
Cells are Gram-negative, strictly aerobic, chemoheterotrophic and halotolerant and slightly halophilic. Cells are cocci with no flagellum. Oxidase and catalase test are positive. Nitrate is not reduced. The predominant isoprenoid quinone detected is ubiquinone-10 (Q-10). The major fatty acids are C 18 : 1 v6c and/or C 18 : 1 v7c, C 18 : 1 v7c 11-methyl and C 16 : 1 v7c and/or C 16 : 1 v6c. DNA G+C content is 64.0 mol% (HPLC). Phylogenetically, the genus Profundibacterium is a member of the family Rhodobacteraceae of the class Alphaproteobacteria. The type species is Profundibacterium mesophilum. Immunologie, É cole Nationale Vétérinaire de Toulouse, France, for advice on nomenclature. This publication was based on work supported by KAUST award no. SA-C0040/UK-C001.
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